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DUPLICATE 



METHOD AND DUAL REAMER APPARATUS FOR FORMING BORED HOLE 



BACKGROUND OF THE INVENTION 

The present invention relates generally to a method and apparatus or too] which is 
used to create a reamed hole for installing a conduit or pipe. The tool and method is well suited for 
use with directional baring machines, but can be adapted for use with other mechanical devices (such 



excavate from the surface down to the depth of the desired installation and then replace the material 
that was excavated. This method is often referred to as "open trench excavation" and is not desirable 
in many locations due to impact to the general public, to pass under obstacles such as roads, 
environmental concerns and other issues. Devices and tools have been developed inthe past by others 
in order to allow forthe installation of underground pipes and conduits without the necessity of open 
trenching. This method is generally referred to as "trenchless" installation and includes many varied 
^techniques. The primary types of trenchless construction for new pipe and conduit installations 
involve directional boring machines, push rod machines, pipe ramming devices, auger boring 
machines, and tunneling methods all known in the art. There are tools and devices known in the 
utility construction industry for creating reamed holes for the purpose of installing conduits and pipes 
and, in particular, there are several apparatuses that are used in the directional boring industry. 
However, no devices are available that embody or use the aspects of the applied for apparatus. 



as a push rod machine) that are used to create subsurface excavations for the purpose of installing 
conduit or pipe. 

Often in the past in order to install a new pipe or conduit it has been necessary to 
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The and advantages of the applied for apparatus and method will significantly improve the efficiency 
and effectiveness of underground utility construction by establishing abetter method for creating a 
trenchless reamed hole for instalHng pipe and providing a tool for use with the method. 

The apparatus and method is best suited for use with directional boring machines, 
although it may be used with other devices as discussed later. Directional boring machines, in 
general, utilize a length of drin pipe with at least a small hole passing through Icmgmidinally from one 
end to the other. Sections of drill pipe are connected and then advanced through the earth in 
segmental fashion. This segmented connection of drill pipe is called a drill string. Various methods 
and apparatuses are used to guide the drill pipe into the derired position. Sectional boring machines 
are typically positioned at the surface and advance the drill pipe down to 1he depth of the desired 
bore. Often a fluid mixture is passed through the drill string in order to assist inthe drilling process, 
After the initial drill string is in place a hole opening device, typically referred to as a reamer, is 
attached and used to create a hole that -will accept the desired conduit or pipe. 

In the past, in general, the primary methods of creating a reamed hole in directional 
boring applications hasbeen to use a reamer fixedly mounted to the length of drill pipe. The reamer is 
then, typically, rotated and pulled through the ground. Often an aqueous solutionis pumpedthrough 
the drill string in order to help create a mixture of the existing soil and special added agents that assist 
in making a slurry that advantageously allows for easier installation of pipe or conduit product. A 
typical reamer's primary function is often to either chop up the existing soil in the path of the desired 
bore hole and mix it with the added agents or to compact the existing soil inthe path of the desired 
borehole. Sometimes reamers axe used to combine both compaction and cutting/mixing. Since son 
and earth conditions vary greatly, different tools are used and selected based on operator experience 
and anticipated conditions. Though there are existing tools available, none use a rearning mechanism 
that incorporates the dual mixing and cutting functions of the applied for apparatus. 

Push rod machines incorporate some of the same overall characteristics as directional 
boring, but typically are placed in an excavation at one end of the desired bore instead of at the 
surface. Typically a section of pipe is connected in segmental fashion and advanced through the 
ground. Again, there are various methods to get the rods in the desired place. Often the overall 
efficiency of the machines and the machine tooling limits the overall length mat can be done at one 
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time. The use of push rod machines has diminished in the recent past, but they are still sometimes 
used and advances in push rod technology, such as ways to ream holes more efficiently, could lead to 
more prominent use in the finure. 

The apparatus utilized for practicing the method of installation of conduit or pipe is 
novel and unique in that it ideally uses either a plurality of stems or a mechanical drive mechanism in 
conjunction with a single stem to create a much more effective method of both mixing and reaming 
the soil. This "better method and tool therefore decreases the time and increases the efficiency of the 
installation of conduits and pipe. In addition to these benefits, it is possible to utilize this method and 
the embodiments of the apparatus to create rectangular, ovoid or even irregularly shaped reamed 
holes which may be desirable for some installations. There are currently no available apparatuses in 
the directional boring industry that allow for the creation of other than a generally round reamed hole. 

BRIEF SUMV1ARY OF THE INVENTION 

The present invention is an improved apparatus and method of creating a bored hole 
below the surface of the earth. More specifically it is a method of creating a bored hole using a 
special backreaming device connected to a directional boring machine or push rod machine or other 
mechanical drive device. The method includes the use of a tool that incorporates a dual reaming 
device that is driven either by a plurality of drill 3tems or by using mechanical means to differentiate 
torque to drive mechanisms (ideally gears) from a single stem. The stems will ideally be connected to! 
a directional boring machine but can l>e connected to another drive mechanism. 

The apparatus consists of an exterior reaming part and an interior mixing part. In one - 
preferred embodiment of the invention the exterior part of the apparatus is round and the interior 
portion of the apparatus is made up of a variety of mixing items. In the preferred embodiment, the 
outer shell of the apparatus can be turned at a lower speed (and generally with greater torque due to 
being connected to a larger drill pipe string) and the interior can be turned at a faster speed to, 
increase mixing of fluid and soil. Sometimes it may be desirable to turn the exterior portion at a fester 
rate and the interior portion at a slower rate. This combination of a primary action of outer cutting 
and inner mixing provides several benefits over conventional reaming. Conventional reamers in 
general must both cut and mix the soil and fluids and therefore a sacrifice is typically made with 
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respect to either the mixing efficiency of the device, the cutting efficiency of the device or both the 
i mixing and cutting efficiency. The desired apparatus improves both the mixing capability of the 

] reaming device and the cutting capability. 

| In another embodiment of the invention the interior mixing portion can be turned 

I counter to the exterior shell portion. This, in effect, multiplies the rotational torque applied to the soil 

i in the interior of the shell (by double the amount or more), allowing for better mixing capability and 

| quality. 

Another embodiment of the device incorporates different shapes for the outer shell. 
The preferred exterior shell shapes are round, polygonal and ovoid shaped, though other shapes can 
J be used. The round shape will likely be the most common commercially used shape due to the nature 

i of underground utility installations. The polygonal shape (often rectangular) can be used for utility 

i construction in areas where maximizing the use of the available space is essential, such as in conidors 

that are extremely congested with other utilities, though there will likely be other uses. In particular a 
square shape can provide the maximum cross-sectional area for a reamed hole with the smallest 
bisected distance. This will allow for the installation of the maximum number of separate conduits in 
the smallest possible space. The ovoid shape, in the general form of egg shaped, is weJI suited for 
sewer main installations due to the flow characteristics of the installed pipe, though other uses can be 
found. 

BRIEF DESC31IPTION OF T HE DRAWINGS 

The preferred embodiment of the present invention is described in detail below with 
reference to the attached drawings, wherein: 

Fig. 1 is a schematic view ofa directional machine in a typical application with a set of 
drill pipe in place; 

Fig. 2 is a schematic view of the directional boring machine forming a bore hole using 
the present invention dual reaming apparatus in accordance with the method of the present invention; 

Fig. 3 is an enlarged sectional view of the round shell embodiment of the present 
invention apparatus connected to a dual stem directional boring machine; 
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Fig. 4 is an enlarged sectional view of the round shell embodiment of the present 
invention apparatus using a single stem directional boring machine; 

Fig. 4 is an enlarged sectional view of the polygonal shell embodiment of the present 
invention apparatus connected to a dual stem directional boring machine; 

Kg. 5 is an enlarged sectional view of the ovoid shaped shell embodiment of the 
present invention apparatus connected to a dual stem directional boring machine. 

DETAILED DESCRIPTION OF THE INTVENTIQN 

Referring to the drawings, and first to Fig. 1 and Fig. 2, the environment in which the 
apparatus and method is used with a directional boring machine. The boring machine is generally 
indicated by 1 and shown resting on the earth* s surface 4, typically on tracks 6. By using the boring 
machine I the set of drill pipes 3 stored in a drill rack 2 are connected in a segmental fashion and 
advanced through the ground to a desired point 7. For the purposes of the Fig.l, this point 7 is 
shown below the earth's surface 4 in an excavated pit 8. This desired point 7 can be at a point at or 
near the earth's surface depending on the situation as shown in Fig. 2. The dual reaming apparatus 5 
is attached to the drill pipe string 3 and used to create a reamed hole 9 capable of accepting a desired 
pipe or conduit as shown in Fig. 2. 

Refening to Figs. 1, 2 and 3, the boring machine 1 utilizes mechanical and hydraulic 
energy to turn the drill string 3 and thus the dual reaming apparatus 5. A mixture of aqueous solution 
is forced down the drill string 3 . The dual reaming device 5 is then turned and pulled back through 
the earth causing the soil in the path of the dual reaming device to be mixed with the fluid being 
forced down the drill string. The outer shell 12 of the dual mixing device can be turned to cut the 
existing soil. This cut soil 20 falls into the interior of the outer shell and the inner section of the dual 
reaming device 13 increases the mixing of the existing soil 20 and fluid 23 that is added through a 
single or plurality of fluid jet holes 24. The use of a single or plurality of assisting mixing wings 14 of 
various shapes and lengths extend off of the inner section of the device. The interior mixing device 
can be connected directly to the interior stem of a dual stem directional boring system and 
cantilevered without a connection such as that shown in 15 and 16, but problems may arise due to 
torque and impact of soil and earth material. The preferred embodiment incorporates a connection 
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utilizing a mechanical swivel 16 and sealed bearing assembly 15. This allows the interior mixing 
portion 13 to turn independently of the outer shell 12 while still providing pas sive or active supp ort of 
the interior mixing portion 13. 

Added efficiency can be achieved by tike addition of multiple fluid jet ports 24 at 
various locations in order to concentrate the stream of fluid 23 to desired points. A distribution line 
2 1 can be added to direct a portion of fluid 23 directly to an exterior point 22 of the outer shell 12. 
Fluid lubrication holes 29 may be added to exterior shell 12 as well. Cutting teeth 1 1 added to the 
outer shell can add efficiency for the initial cut of the earth for the desired reamed hole. Pipe can be 
connected to a commercially available swivel and pull head and hooked directly to the reaming device 
via a plate 27 and connection 28 located at the rear of the device. 

Connection of the apparatus to a dual stem directional boring machine can be 
accomplished by standard methods such as using threaded connections 19 and 31 for the exterior 
stem and slotted connections for the interior stem 30 or threaded connections for both the exterior 
and interior stems 32. 

Fig. 4 shows the apparatus utilizing a dual reamer apparatus connected to a single 
stem directional boring machine drill string 40. Standard directional boring machines that use a single 
stem drill string 40 utilize threaded connections 4 1 . The apparatus is connected to the drill string 40 
using a threaded end 42. Torque provided to the drill string via mechanical power at the boring 
machine turns the exterior shell 43 of the apparatus. Ideally gears 50 (or a camshaft) in a planetary 
drive 46 ideally located in the interior of the apparatus convert the rotational torque provided by the 
revolving outer shell into usable energy to turn the interior mixing section 48 . A sealed connection 45 
prevents intrusion of the fluid 56 and soil 54 into the planetary drive 46. The interior section 48 can 
be gear so as to turn at various rotational speeds with respect to the outer section 43 and can be 
reversed with respect to the revolution of the outer section 43if so desired. Various mixing wings are 
used to mix the soil 54 cut by the outer section 43 and the fluid 55 disbursed through nozzles 56 at 
various locations. Fluid is delivered via the drill string 40 and a connection that passes the fluid 
through the planetary drive 49 and 5 1 . Ideally a mechanical swivel 53 and bearing assembly 52 canbe 
used to reduce problems associated with torque and impact for the interior section 48, although the 
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interior section could be cantilevered with the addition of a bearing assembly located near the 
planetary drive 46. 

Fig. 5 provides a sectional side view and front view of the apparatus that can be used 
to create a polygonal Qn this case a square) reamed hole. This view shows the apparatus connected 
to a dual stem directional boring machine drill string 66, although it may be attached to other drill 
strings with some modifications. The interior section of the device ideally rests on a bearing assembly 
68 and is ultimately provided with torque via the drill string. Fluid 73 is forced down the drill string 
and out nozzles 72 at various locations. The outer shell 67 does not rotate and is kept in the desired 
position via the use of stabilizing wings 74 located at various positions on the exterior of the outer 
shell. The interior section is rotated and mixing/cutting wings 69 are used to cut and mix the soil. 
The configuration of the mixing/cuttiiig wings may be varied based on anticipated soil types. The 
fluid 73 and soil 74 in the desired reamed path is mixed to a slurry for ease of installation of the 
desired conduit(s) or pipe(s). A bearing assembly 71 and swivel 70 at the rear of the apparatus 
should ideally be used to reduce impact and torque problems with the interior section 

Fig 6 provides a sectional front view of the ovoid shaped apparatus. 

From the foregoing it will be seen that this invention is one well adapted to attain all 
ends and objects hereinabove set forth together with the other advantages which are obvious and 
which are inherent to the structure. It will be understood that certain features and subcombinations 
are of utility and may be employed without reference to other features and subcombinations. This is 
contemplated by and is within the scope of the claims. 

Since many possible embodiments may be made of the invention without departing 
from the scope thereof, it is to be understood that all matter herein set forth or shown in the 
accompanying drawings is to be interpreted as illustrative of applications of the principles of this 
invention, and not in a limiting sense. 
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CLAIMS 

1. Amethodofcrearmgareamedholeb^ 

Positioning a directional drilling machine on the surface, the directional drilling 

machine having at least one boring stem; 

connection of a reaming device using a dual reaming mechanism, such mechanism 
being drivenby either a plurality of boring stems, with at least one stem concentncaUy located 
inside of another or a single stem that uses me(±amcal means to d^rer^te torque. The 
interior section of the dual reaming mechanism having the capability of being rotated at a 
slower or faster revohxtion rate than the exterior section of the apparatus; 

use of the dual reaming tool to form a substantially round reamed hole that is larger 
than the drill string; 

2. The method of claim one where the dual reaming tool is used to form a substantially non 
round or irregularly shaped reamed hole larger than the drill. 

3. An apparatus consisting of: 

A rearward and forward end. The forward end capable of being connected to a directional 
boring machine as known in the art. Said apparatus having at least two parts, an interior 
portion and an exterior portion. Said interior portion that can be turned independentiyof said 
exterior portion. 

4. The claim of apparatus of claim 3 wherein the interior portion is connected by the use 
of a threaded connection. The exterior portion is connected by the use of a threaded 
connection. 

5. The method of claim 1 where the interior portion ofthe dual reaming apparatus is rotated in a 
clockwise rotation and the exterior portion of the reaming apparatus is rotated in a 
counterclockwise rotation. 

6. Themethod of claim i where the interior portion ofthe dual reaming apparatus is rotatedin a 
counterclockwise rotation and the exterior portion ofthe reaming apparatus is rotated in a 
clockwise rotation. 
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7. The method of claim 1 where the interior portion is rotated in a clockwise or 
counterclockwise position and the exterior portion is rotated in a clockwise or 
counterclockwise position* 

8. The apparatus of claim 3 where there is at least one stabilizing wing located on the exterior 
portion. 

9. The method of claim 1 where the interior portion is rotated at a different rate than the exterior 
portion by use of either a combination of at least two gears or a camshaft. Said gears or camshaft 
used to differentiate torque provided by rotation of a connected directional boring machine drill 
string. 
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10. A method of creating a reamed hole below the surface, the method comprising 
the steps of:- 

positioning a directional drilling machine on the surface, the direction drilling 
machine having at least one boring steam; and 

connecting a reaming device to the at least one boring stem wherein the 
reaming device has a dual reaming mechanism with an interior section and an exterior 
section wherein the interior section is rotatable independently of the exterior section. 

11. A method according to claim 10, wherein the dual rea m i n g mechanism is 
connected to a plurality of boring stems with at least one stem concentrically located 
within another, 

12. A method according to claim 10, wherein the dual reaming mechanism is 
connected to a single boring stem and a mechanical means is provided to produce 
differential torque. 

13. Use of the method of any of claims 10 to 12 to produce a substantially circular 
reamed hole. 

14. Use of the method of any of claims 10 to 12 to produce a substantially non- 
circular reamed hole. 



15. An apparatus for creating a reamed hole below the Burface, the apparatus 
comprising:- 

a reaming device arranged to be connected to one or more boring stems, the 
reaming device having an interior section and an exterior section which are rotatable 
independently of each other. 

16. An apparatus according to claim 15, wherein the interior section and exterior 
section are both iptatable abont the same axis. 

17. An apparatus according to claim 15, wherein the exterior section is arranged to 
substantially not rotate during the creation of a reamed hole. 

18* An apparatus according to claim 17 3 wherein the exterior section is provided 
with at least one outside stabilising wing to reduce rotation, 

19. • An apparatus according to claim 1 7 or claim 1 8, where the exterior section has 
a non-circular cross-section. 

20, An apparatus according to claim 15 or claim 16, wherein the exterior section 
has a substantially circular cross-section. 



ABSTRACT 



A method and. apparatus for creating a Teamed hole below the surface axe disclosed. 
The reaming apparatus is arranged to be connected to one or more boring stems and 
has an interior section and an exterior section. The interior section is xotatable 
independently of the exterior section. Reamed holes of various cross-sections can be 
produced by appropriate selection of the cross-section of the exterior section. 



